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ABSTRACT 
A i r  quan t i t y -p re s su re  and methane concen t r a t i on  surveys were conducted by 
t h e  Bureau of Mines i n  a c c e s s i b l e  po r t i ons  of an  a r e a  being p i l l a r e d  i n  a  
P i t t s b u r g h  coalbed mine i n  West V i r g i n i a .  These included two mined-out and 
t h r e e  a c t i v e  b u t t  headings and a  b l eede r  system. The p a r t i c u l a r  mine workings 
were s t a r t e d  i n  v i r g i n  c o a l  d i r e c t l y  from a  s e t  of main head ings ;  t he  main 
reason  f o r  t h e  s tudy  was t h e  d i f f i c u l t y  u s u a l l y  encountered i n  adequa te ly  
b leed ing  t h e  gobs under such c o n d i t i o n s .  Although t h e  two s e p a r a t e  r e t u r n  
a i rways i n  each a c t i v e  b u t t  heading and t h e  North and 1 Le f t  b l eede r s  con- 
t a ined  accep t ab l e  methane concen t r a t i ons  (0 .01  t o  0 .78 percen t  i n  t h e  b u t t s  
and 0.73 t o  1 . 0  pe rcen t  i n  t h e  b l eede r s )  w i t h  s i g n i f i c a n t  t o t a l  methane 
removal (109 cfm i n  b u t t s  and 631 cfm i n  b l e e d e r s ) ,  t h e r e  were r e l a t i v e l y  
l a r g e  a r e a s  i n  t h e  gobs wi th  p o s s i b l e  minimal a i r f l o w s .  This  c o n d i t i o n  
appears  t o  have developed from l a c k  of  sys temat ic  r e g u l a t i o n  of t h e  a i r f l o w  
a c r o s s  t h e  gobs and appears  t o  i n d i c a t e  t he  e x i s t e n c e  of cons iderab ly  more 
methane i n  t h e  probably low f low a r e a s  i n  t h e  gob. 
INTRODUCTION 
While methane e x i s t s  under p r e s su re  i n  t h e  micropores ,  j o i n t s ,  and f r a c -  
t u r e  systems of gassy  coa lbeds ,  i t  i s  a l s o  found i n  t h e  supe r j acen t  and sub- 
j a cen t  s t r a t a .  Methane occurs  i n  s h a l e s  and sandy s h a l e s ,  " roos te r"  c o a l ,  
porous s ands tones , and  i n  rock  bedding p l anes ;  methane f r e q u e n t l y  i s  l i b e r a t e d  
i n  l a r g e  q u a n t i t i e s  dur ing  caving i n  conjunc t ion  w i th  e x t r a c t i n g  p i l l a r s .  
Although t h e  i n  s i t u  gas  p r e s su re  i s  important i n  l i b e r a t i n g  methane from 
supe r j acen t  s t r a t a ,  t h e  magnitude of t h i s  p r e s s u r e  i s  n o t  known a s  i t  i s  i n  
coalbeds.  Sur face  d e g a s i f i c a t i o n  boreholes  d r i l l e d  ahead of a n  approaching 
p i l l a r  l i n e  o r  longwall  f a c e  seldom produce s i g n i f i c a n t  q u a n t i t i e s  of methane 
u n t i l  cav ing  occurs  a t  and near  t he  borehole .  I n  some, and perhaps,  most 
c a s e s ,  t h e  methane l i b e r a t e d  dur ing  cav ing  of supe r j acen t  s t r a t a  p r e s e n t s  a  
more d i f f i c u l t  c o n t r o l  problem than  does t h e  methane i n  t h e  coalbed.  
' Supervisory mining engineer .  
" ~ i n i n g  engineer .  
3 Mining engineer ing  t echn i c i an .  
In  Sect ion 75.316-2 (g) ,  (h ) ,  and ( i )  of the  Mandatory Safe ty  Standards, 
the 1969 Federal  Coal Mine Health and Safe ty  ~ c t ~  s t a t e s  t h a t  
(g) The v e n t i l a t i o n  pressure  d i f f e r e n t i a l  between the  a c t i v e  
p i l l a r  l i n e  and the  junct ion of any bleeder  connection t o  the  
bleeder  e n t r i e s  of such system should a t  a l l  times be adequate t o  
a s su re  gob gas drainage t o  the bleeder  e n t r i e s .  The pressure  d i f f e r -  
e n t i a l  s h a l l  be considered adequate when pe rcep t ib l e  a i r f l o w  e x i s t s  
i n  a l l  open o r  regula ted  bleeder  connections, a s  determined with 
chemical smoke or o the r  approved means. 
(h) The methane content  of the  a i r  cu r ren t  i n  the  bleeder  
s p l i t  a t  t he  poin t  where such s p l i t  e n t e r s  any o the r  a i r  s p l i t  
should not  exceed 2 .0  volume percentum. 
(i) When the  r e t u r n  a i r  courses from a l l  o r  p a r t  of the  
bleeder  e n t r i e s  of a gob a rea  and a i r  o ther  than t h a t  used t o  v e n t i -  
l a t e  the gob a rea  i s  passing through the  r e t u r n  a i r  courses ,  the 
bleeder  connectors between the  r e t u r n  a i r  courses and the gob s h a l l  
be considered a s  bleeder  e n t r i e s  and the  concent ra t ion  of methane 
should not  exceed 2 .0  volume percentum a t  the  i n t e r s e c t i o n  of the  
bleeder  connectors and the  r e t u r n  a i r  courses.  
The aforementioned s a f e t y  s tandards can be in t e rp re t ed  t o  mean t h a t  a 
s a f e l y  access ib l e  and e f f e c t i v e  bleeder  system i s  a bas ic  requirement,  and 
t h a t  o ther  techniques used f o r  the  removal of methane from gob a r e a s  a r e  
supplementary. This i s  t r u e  even i f  mined-out b u t t  headings o r  panels  a r e  t o  
be sea led .  
The ob jec t ive  of t h i s  Bureau of Mines inves t iga t ion  was t o  determine the  
e f f ec t iveness  of a bleeder  system i n  conjunct ion wi th  mining b u t t  headings i n  
a v i r g i n  a rea  of a coa l  mine. 
DESCRIPTION OF STUDY AREA 
No bleeder  system u t i l i z e d  i n  the  p i l l a r i n g  of b u t t  headings developed i n  
v i r g i n  coa l  o f f  a s e t  of main headings can be considered t y p i c a l  because v a r i -  
ous mining plans a r e  used. The p a r t i c u l a r  s tudy a r e a  considered here  con- 
s i s t e d  of two r e t r e a t i n g  and one mined-out b u t t  headings on one s i d e  of a s e t  
of bleeders  (North b leeders )  and one mined-out and one r e t r e a t i n g  b u t t  heading 
on the  opposi te  s i d e  of the  same b leeders  with a s e t  of t h ree  bleeder  headings 
a t  the  back end ( f i g .  1 ) .  Mining was i n  a v i r g i n  a rea  approximately 3,500 
f e e t  wide and 2,600 f e e t  long; t he  mouth of North b leeders  was 2,900 f e e t  from 
the  main in t ake  s h a f t  and 3,600 f e e t  from the main r e t u r n  s h a f t .  Tota l  s t a t i c  
v e n t i l a t i n g  pressure  developed by the fan  was approximately 5.5 inches water 
gage 
*u.s. Code of Federa l  Regulations. T i t l e  30--Mineral Resources; Chapter I-- 
Bureau of Mines, Department of the I n t e r i o r ;  Subchapter 0--Coal Mine Health 
and Safe ty ;  Pa r t  75--Mandatory Safe ty  Standards,  Underground Coal Mines. 
Federal  Regis te r ,  v .  35, No. 226, Nov. 20, 1970, p. 17905. 
FIGURE 1. - S t u d y  a r e a  w i t h  a i r ,  m e t h a n e ,  a n d  p r e s s u r e  m e a s u r i n g  s t a t i o n s .  
MINING METHOD AND EQUIPMENT 
The two mined-out b u t t  headings (1  Right and 1 Lef t )  were developed i n  
s e t s  of  four  headings on 100-foot cen te r s  with the  breakthroughs dr iven  on 
approximately 60" ang l e s  and on 100-foot c e n t e r s  ( s i m i l a r  t o  the  North 
b l e e d e r s ) .  Rooms were turned toward t he  North b l eede r s  a t  90' ang l e s  from the  
o u t s i d e  headings of 1 Right and 1 Le f t  a t  t he  end of each 60" breakthrough. 
Borer-type cont inuous miners were used t o  mine a  13-foot  width i n  t he se  b u t t  
head ings ,  wi th  t h e  recovery ranging from 72 t o  75 pe rcen t .  Ripper- type con- 
t inuous  miners were used t o  mine a  15-foot  width i n  t h e  a c t i v e  headings 
(2 Right ,  3  Right ,  and 2 Le f t )  wi th  average recovery of  85 pe rcen t .  Height 
of c o a l  mined was 7  f e e t .  Continuous miners discharged t h e  c o a l  on t h e  mine 
f l o o r  from where convent ional  l oade r s  t r a n s f e r r e d  i t  i n t o  10- ton-capac i ty  
s h u t t l e  c a r s  f o r  loading i n t o  b e l t  f e ede r s  t h a t ,  i n  t u r n ,  discharged t he  coa l  
uniformly onto t a i l  end of b e l t  conveyors.  Two s h u t t l e  c a r s  s e rv i ced  each 
miner.  
A I R  QUANTITY -PRESSURE AND METHANE CONCENTRATION SURVEYS 
Using a  s t a t i o n  i n  t he  main i n t a k e  airway oppos i t e  t h e  North b l eede r s  a s  
t h e  base ,  a i r  p r e s su re  measurements were taken wi th  p o r t a b l e  anero id  barom- 
e t e r s  a t  t he  l o c a t i o n s  shown i n  f i g u r e  1 i n  1 West mains and 1 Eas t  mains; a t  
t he  en t r ance  and near  t he  working f ace s  i n  3  R igh t ,  2  Right ,  and 2 L e f t ;  and 
i n  r e t u r n  airways of t he  a c t i v e  b u t t s  near  t he  mains. A second barometer 
l oca t ed  a t  t he  base was read  a t  3-minute i n t e r v a l s  t o  o b t a i n  t he  atmospheric 
changes during t he  survey.  With t h e  main mine v e n t i l a t i o n  system exhaus t ing ,  
a l l  measured p re s su re  va lues  a r e  nega t i ve  with  r e s p e c t  t o  atmospheric p r e s su re .  
I t  was deemed inadv i sab l e  t o  t r a v e l  t o  t he  back end of t he  North b l eede r s  
owing t o  roof  f a l l s  and pools  of wate r .  Therefore ,  t h e  nega t i ve  p r e s su re  a t  
t h e  back end was c a l c u l a t e d  by the  s e n i o r  au tho r  on t he  b a s i s  of u n i t  r e s i s t -  
ance developed i n  many v e n t i l a t i o n  surveys of 10,000 cfm of a i r  f lowing i n  a  
1 ,000-foot- long s i n g l e  airway having an  e f f e c t i v e  c r o s s - s e c t i o n a l  a r e a  of 66 
square  f e e t .  Adjustment was made f o r  t h e  l a r g e r  c r o s s - s e c t i o n a l  a r e a  i n  t h e  
North b l eede r s  heading.  Using t h e  measured p re s su re  d i f f e r e n t i a l  from t h e  
i n t a k e  t o  t h e  r e t u r n  airways a t  t h e  mouth of  t he  North b l e e d e r s  (1.02 inches  
water  gage) and s u b t r a c t i n g  t h e  c a l c u l a t e d  l o s s  t o  t h e  back end, t h e  au tho r s  
ob ta ined  t he  a v a i l a b l e  nega t i ve  a i r  p r e s su re  a t  t h a t  p o i n t .  
A l l  a c t i v e  s e c t i o n s  were v e n t i l a t e d  wi th  two s p l i t s  of  a i r .  A i r  volumes 
and methane concen t r a t i ons  were obtained by c a r e f u l  measurement of  a r e a s  a t  
s e l e c t e d  l o c a t i o n s  ( f i g .  2) and by uniformly t r a v e r s i n g  each c r o s s  - s e c t i o n a l  
a r e a  w i th  a  hand-held amemometer. Hand-held methanometers were used a t  a l l  
a i r  v e l o c i t y  measurement s t a t i o n s  except  f o r  t h e  North b l eede r s .  Since t h i s  
proved t o  be a  s i g n i f i c a n t  l o c a t i o n  owing t o  t he  r e l a t i v e l y  l a r g e  volume of 
a i r  and methane concen t r a t i on ,  a  record ing  methanometer was i n s t a l l e d  a t  s t a -  
t i o n  7 ( f i g .  1)  t o  ope ra t e  con t inuous ly  dur ing  t h e  2-day s tudy .  Pe r iod i c  
r ead ings  were taken a t  a l l  o t h e r  s t a t i o n s  except  f o r  t h e  b leeder  volume i n  
1 Le f t  (obtained by d i f f e r e n c e  i n  t a b l e  1 ) .  B o t t l e  samples were a l s o  taken  t o  
check t he  accuracy of  t he  hand-held ins t ruments .  
TABLE 1. - D e t a i l s  of a i r  and methane volumes and methane 
concent ra t ion  d i s t r i b u t i o n s  i n  t h e  s tudy a r ea  
A i r  
measuring 
s t a t i ons1  
3 Right :  
13 . . . . .  
14 . . . . .  
15 . . . . .  
16 . . . . .  
17 . . . . .  
Tota1 . . ' 44 ,900  
2 Right :  
g . . . . . .  
9a ..... 
1 0 . .  . . . .  
11.. .... 
12 . . . . . .  
Tota1 . . ,26 .800  
1 Right . . .  
2 Le f t :  
1 . . . . . . .  
2 . .  . . . . .  
3 . . . . . . .  
4 . . . . . . .  
T o t a l . .  
1 Eas t  
mains a t  
1 Le f t :  
1 L e f t . .  
5 . . . . . . .  
6 . . . . . . .  
T o t a l . .  
1 Eas t  
A i r  s p l i t  Airf low 
t o  
































3 ~ l e e d e r  volume i n  1 Lef t  = 130,900 - (68,800 + 45,100) = 17,000 cfm. 
Methane i n  1 Le f t  b leeder  = 665 - (451 + 90) = 124 cfm. 
* ~ i r f l o w  and methane concen t r a t i on  measured a t  s t a t i o n  7 i n  North b leeders .  
Remarks 
Flow t o  b leeder  e n t r i e s .  
- 
Flow t o  b leeder  e n t r i e s .  
- 
Flow t o  1 West mains 
r e t u r n  1.87 pc t  and 
56 cfm C H 4 .  
Flow t o  North b leeders  
and 1 Lef t  b leeder .  
- 
Flow i n  1 Lef t  bleeder  
t o  1 Eas t  mains r e t u r n  
0 .73  p c t  and 124 cfm 
CH, . 
Main r e t u r n .  
Main r e t u r n .  
- 
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See f i g u r e  1. 













FIGURE 2. - A i r  and methane volume and air pressure distributions in study area. 
The survey was s t a r t e d  on March 7 ,  1972, a t  a time when the  mine was i d l e  
due t o  a s t r i k e  t h a t  had s t a r t e d  on March 2.  A r e p e a t  survey was r u n  on 
March 8 with one crew mining i n  3 Right on t h e  8 a.m. t o  4 p.m. s h i f t .  
Despi te  the  cond i t i ons  under which t h e  two surveys were run,  the  d a t a  i s  v a l i d  
f o r  eva lua t ion  of t h e  b leeder  system. 
RESULTS 
Table  1 shows i n  d e t a i l  t h e  measured a i r  volumes w i t h  methane c o n c e n t r a -  
t i o n s  and volumes, and t h e  methane volume and c o n c e n t r a t i o n  i n  1 L e f t  o b t a i n e d  
by d i f f e r e n c e  i n  main r e t u r n s .  
Table 2 shows summaries of a i r  and methane volumes i n  o p e r a t i n g  s e c t i o n s  
and i n  b l e e d e r s  a s  w e l l  a s  t h e  p r e s s u r e  d i f f e r e n t i a l s  a c r o s s  gobs.  Data i n  
t a b l e  2 show t h a t  o n l y  25,400 cfrn (6,800 p l u s  18,600) of a i r  and methane 
r e t u r n e d  i n  3 Right  from a t o t a l  i n t a k e  of 44,900 cfm. The remainder 
(19,500 cfm) flowed by a v e r y  permeable c o u r s e  wi th  a t o t a l  p r e s s u r e  d i f f e r -  
e n t i a l  o f  about  0 . 3  inch  w a t e r  gage t o  t h e  North b l e e d e r s .  Approximately h a l f  
t h e  d i f f e r e n c e  of 6,200 cfm (26,800 minus 20,600) between t h e  i n t a k e s  and 
r e t u r n s  i n  2 Right  found a permeable p a t h  n e a r  3 Right  t o  r e a c h  t h e  North 
b l e e d e r s  by a s h o r t c u t  w i t h  e s t i m a t e d  3 ,000 cfm f lowing a c r o s s  1 Right  gob t o  
t h e  main r e t u r n s .  Thus t h e  t o t a l  volume of 22,700 cfm (19,500 p l u s  3,200) 
reached t h e  North b l e e d e r s  f o r  t h e  most p a r t  by s h o r t c u t s .  Th i s  l e f t  a l a r g e  
gob a r e a  i n  t h e  back end of 1 Right  and 2 Righ t  w i t h  l i t t l e  o r  no a i r f l o w .  
TABLE 2. - Summary o f  a i r  and methane volumes i n  a c t i v e  s e c t i o n s  and i n  
b l e e d e r s ,  and p r e s s u r e  d i f f e r e n t i a l s  i n  b u t t  headings  
I T o t a l  a i r  I Methane volumes i n  ( Bleeder  volume, P r e s s u r e  
d i f f e r e n t i a l ,  Loca t ion  
. . .  3 Right  
2 Right  . . .  
1 R i g h t . .  . 
2 L e f t . .  . .  
1 L e f t . .  . .  
North 
b l e e d e r s .  
T o t a l . .  
i n c h e s  
w a t e r  gage 
0.32 
.40 
.60  approx.  
.45 
1 .18 
lGob f low t o  b l e e d e r s  o b t a i n e d  by d i f f e r e n c e  between t o t a l  i n t a k  
- 
s and r e t u r n s  
volumes,  cfm 
i n  3 and 2 R i g h t s  and 2 L e f t  and by e s t i m a t e d  f low from 1 R i g h t .  
2 ~ o b  f low t o  b l e e d e r  e n t r i e s .  
3 Gob f low i n  1 L e f t  a s  o b t a i n e d  i n  t a b l e  1. 
4 ~ e a s u r e d  volume i n  t h e  b l e e d e r ;  r e p r e s e n t s  19,500 + 3,200 + 22,900 w i t h  an  
a c c e p t a b l e  e r r o r  o f  500 cfm, compared w i t h  measured 45,100 c h  i n  North 
b l e e d e r s .  








T o t a l  methane l i b e r a t e d  from gob a r e a s :  
S p l i t  r e t u r n s  minus i n t a k e  methane 111 - 2 = 109 cfm 









r e t u r n  a i r w a y s ,  cfm 
1 Right  b l e e d e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 cfm 
North b l e e d e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  451 cfm 
-
T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  740 cfm 








c h  
The c o n s i d e r a b l e  d i f f e r e n c e  i n  f lows of 39,900 cfm between t h e  i n t a k e  and 
r e t u r n s  i n  2 L e f t  may b e  a s c r i b e d  t o  two permeable p a t h s .  The s h o r t e r  p a t h  
























was a c r o s s  t h e  gob t o  t h e  North b l e e d e r s  w i t h  a p r e s s u r e  d i f f e r e n t i a l  of 
s l i g h t l y  l e s s  than  0.45 inch  w a t e r  gage;  t h e  longer  p a t h  was a l o n g  t h e  r i g h t  
edge of 1 L e f t  gob and a s h o r t  b l e e d e r  from t h i s  p o r t i o n  o f  gob t o  1 E a s t  
mains w i t h  a s i g n i f i c a n t  p r e s s u r e  d i f f e r e n t i a l  of  1 .18  inches  wa te r  gage.  The 
f low i n  t h e  l o n g e r  p a t h  was 17,000 cfm, and t h e  f low i n  t h e  North b l e e d e r s  was 
45,000 cfm. Thus, t h e r e  was l i t t l e  o r  no gas  f low a c r o s s  a n  a p p r e c i a b l e  a r e a  
of 1 L e f t  and 2 L e f t  gobs.  
R e f e r r i n g  t o  t a b l e  2 ,  109 c h  (2 cfm i n t a k e  methane s u b t r a c t e d )  of meth- 
ane were removed from t h e  p i l l a r e d  a r e a s  i n  3 R i g h t ,  2 Righ t ,  and 2 L e f t ,  and 
631 cfm from t h e  p o r t i o n s  o f  t h e  gobs t r a v e r s e d  by a i r ,  o r  a t o t a l  of 740 cfm-- 
1,065,000 c f d .  I t  i s  n o t  known why t h e  b a r r i e r s  on bo th  s i d e s  of  North 
b l e e d e r s  were l e f t  s o l i d .  
CONCLUSIONS 
Although a s i g n i f i c a n t  volume o f  methane was removed from t h e  s t u d y  a r e a  
w i t h o u t  recorded  v i o l a t i o n s  of  t h e  1969 Act ,  i t  i s  b e l i e v e d  t h a t  a p p r e c i a b l y  
more methane e x i s t e d  i n  t h e  gobs.  The t o t a l  a r e a  mined o u t  i n  3 Righ t ,  
2 R igh t ,  1 Righ t ,  1 L e f t ,  and 2 L e f t  i s  approx imate ly  e q u a l  t o  s l i g h t l y  more 
than  t h r e e  f u l l  b u t t  head ings .  I n  a number of  P i t t s b u r g h  coa lbed  mines ,  one 
b u t t  heading s i m i l a r  i n  dimensions t o  1 Right has  produced t h e  same q u a n t i t y  
o f  gob g a s e s  a s  t h e  t o t a l  from t h e  s t u d y  a r e a .  While t h i s  i s  n o t  a c t u a l  p r o o f ,  
i t  i s  r e l a t i v e l y  i n d i c a t i v e .  
I t  i s  always d i f f i c u l t  t o  a d e q u a t e l y  v e n t i l a t e  and b l e e d  a n  a r e a  mined i n  
v i r g i n  c o a l .  However, w i t h  t h e  b l e e d e r  system e s t a b l i s h e d  i n  t h e  a r e a ,  r e l a -  
t i v e l y  minor a d d i t i o n s  would have improved t h e  s i t u a t i o n  s i g n i f i c a n t l y .  Three 
o r  f o u r  r e g u l a t e d  " taps"  i n t o  t h e  North b l e e d e r s  from 1 Right  and 1 L e f t  would 
have been e f f e c t i v e .  Also  s i n c e  t h e  two middle  North b l e e d e r s  were a r ranged  
f o r  i n t a k e  a i r ,  t h e  system cou ld  have been con t inued  i n t o  t h e  back b l e e d e r s ,  
w i t h  t h e  o u t s i d e  heading p laced  on r e g u l a t e d  i n t a k e  a i r .  Th i s  would have p r o -  
v i d e d  a s a f e  approach f o r  m a i n t a i n i n g  t h e  b l e e d e r s  i n  open c o n d i t i o n  (pumping 
o f  w a t e r  a n d / o r  c leanup  of  f a l l s ) .  
With t h e  b l e e d e r  arrangement d e s c r i b e d , ' m o r e  e f f e c t i v e  r e g u l a t i o n  cou ld  
be  provided a t  t h e  back end. A s  t h e  gobs become more e x t e n s i v e  and l e s s  p e r -  
meable,  s l i d i n g  doors  i n  p r o p e r l y  l o c a t e d  r e g u l a t o r s  would be comple te ly  
opened, and t o t a l  s t o p p i n g s  could  pe rhaps  be removed, wi th  a d d i t i o n a l  r e g u l a -  
t i o n  p r o g r e s s i v e l y  provided o p p o s i t e  t h e  more permeable gob a r e a s .  
Because t h e  b l e e d e r  a i r  c o n t a i n e d  a maximum o f  1 p e r c e n t  methane, i t  i s  
c o n c e i v a b l e  t h a t  t h e  133,000 c h  o f  a i r  used h e r e  would have removed a t  l e a s t  
50 p e r c e n t  more methane w i t h o u t  v i o l a t i n g  t h e  1969 Act i f  (1)  t h e  b l e e d e r  s y s -  
tem had been p r o p e r l y  a r ranged  and (2 )  t h e  main f a n  p r e s s u r e  had been 
i n c r e a s e d .  
